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Etiology of multicystic dysplastic kidney (MCDK) remains unknown. Not all cases are associated
with obstruction. We compared by immunohistochemistry 17 cases of MCDK (10 cases with and
sevenwithoutobstruction)to17controlsand20fetalkidneys.TGF-β wasnegativeinobstructive
MCDKsandpositiveinnonobstructiveMCDK.IGF2wasoverexpressedinobstructiveandunderex-
pressedinnonobstructiveMCDKs.PAX2,BCL-2,andβ-cateninwereexpressedequallyinobstruc-
tive and nonobstructive dysplasia. TGF-β and IGF2 work by diﬀerent mechanisms in obstructive
and nonobstructive MCDKs, but there are no diﬀerences among PAX 2, BCL-2, and β-catenin in
obstructive versus nonobstructive dysplasia.
Keywords autopsies,developmentalpathology,immunohistochemistry,nonobstructivemulti-
cystic dysplastic kidney, obstructive multicystic dysplastic kidney, transcription growth factor
INTRODUCTION
The etiology of multicystic dysplastic kidney (MCDK) is not well understood. While
there are many kidneys with evidence of obstruction at the level of the renal pelvis,
ureters, bladder, or urethra, there is another subset of patients with MCDKs in which
thereisnoevidenceofobstruction.Thesepatientsmayhaveanisolatedrenaldefector
other major malformations such as in Meckel-Gruber syndrome, polysplenia, short-
rib syndrome, congenital heart disease, trisomies, etc.
Multicystic dysplastic kidney occurs in 1 out of 4300 live births [1]. Multicystic dys-
plasia involves the interaction betweeen the metanephric blastema and the ureteric
bud. Multicystic dysplastic kidney is generally associated with an imbalance in the
normalmesenchymaltoepithelialtransformationresultinginexcessivefibroustissue
surrounding cystically dilated tubules and a decreased number of glomeruli. Tran-
scription growth factor-beta (TGF-β) is important in the mesenchymal-to-epithelial
transformation process involving the metanephric blastema and the ureteric bud [2].
Alterationsintheregulatorygenessuchaspairedboxgene2(PAX2)[3]andtheproto-
oncogene B-cell lymphoma-2 (BCL-2) [4] are associated with the formation of renal
cysts.PAX2isatranscriptionfactorthatisactiveinnephrogenesis,includingcondens-
ing metanephric mesenchyme and in early epithelial structures derived from mes-
enchyme.PAX2isdownregulatedasthetubularepitheliummatures.BCL-2represses
cell death by apoptosis; the later has been proven to be related to the development
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of polycystic kidneys, hydronephrosis, glomerular conditions, and ischemic renal
atrophy. Insulin growth factor 2 (IGF 2) is expressed in fetal kidney and has been
demonstratedincysticepitheliumofMCDK[5],buttothebestofourknowledge,there
are no studies comparing the expression of these immunohistochemical stains in ob-
structed versus nonobstructed MCDKs.
ThisarticlecharacterizestheimmunohistochemicalprofilesofTGF-β,P AX2,BCL-
2, β-catenin, and IGF2 in MCDK with and without obstruction, compared to normal
kidneys (using tissue from human autopsies) and fetal-embryonal kidneys from the
surgical pathology files.
METHOD
The autopsy files at our institution were searched for patients with MCDK and age-
matchedcontrols.TheInstitutionalReviewBoard(IRB)approvedtheprotocolpriorto
collecting the cases. The fetuses and embryos were selected from the surgical pathol-
ogy files. The lower limit of gestational age for the embryos was 5 weeks and the up-
per limit for the fetuses was 19 weeks. The age range for autopsies was from 20 to 41
weeks of gestation. The hematoxylin-and-eosin (H&E)-stained slides were reviewed
and blocks containing kidneys were identified.
Paraffin sections were cut from the selected blocks and stained by immunohisto-
chemistry for TGF-β, PAX2, BCL-2, β-catenin, and IGF-2. We used the mouse mono-
clonalTGF-β (Abcam,Cambridge,MA)diluted1:1000,anti-PAX2polyclonalantibody
(ZymedLaboratoriesInc.,SouthSanFrancisco,CA)atadilutionof1:100.Anti-human
BCL-2oncoproteinantibody(Dako,Carpinteria,CA)wasdiluted1:40.Anti-β-catenin
(Upstate Biotechnology, Lake Placid, NY) was diluted 1:100; rabbit polyclonal anti-
body to insulin growth factor (Abcam, Cambridge, MA) was diluted at 1:100.
The pattern of staining was interpreted and recorded as negative or when pos-
itive as nuclear, cytoplasmic, and/or membranous. Cases with MCDK (obstructive
and nonobstructive) were mixed and examined blindly by two pathologists. The re-
sultswererecordedandfurtherseparatedintotwogroups.Likewise,theage-matched
controls and embryo-fetal kidneys were also reviewed by two pathologists and the
pattern of staining was recorded. A total of 17 cases with MCDK, 17 controls and
20 embryos/fetuses were studied.
RESULTS
Of the 17 cases with MCDK’s, 10 were associated with obstruction and 7 did not
show evidence of obstruction. The clinical information of cases with obstruction are
shown in Table 1, while Table 2 details the patients without genito-urinary obstruc-
tion. Macroscopic examples of obstructive and nonobstructive MCDK are shown in
Figure 1.
Theimmunohistochemicalprofileisdescribedasfollows:TGF-β wasnegativein10
out of 10 cases with MCDK associated with obstruction (Figure 2A), while it was pos-
itive in the renal interstitium of five patients with syndromic nonobstructive MCDK
(Figure 2B). TGF-β was negative in the two patients with nonsyndromic, nonobstruc-
tive MCDK. All fetuses and embryos were negative in the interstitium and in tubules
andnephrogeniczone(Figure2C).Regardingcontrols,TGF-β wasuniformlynegative
in the interstitium, but it was focally positive in glomeruli (Figure 2D).
PAX2depictedanuclearstaininginthedysplastictubularepitheliumandproximal
tubules of all obstructive (Figure 3A) and nonobstructive MCDK’s (Figure 3B.) Like-
wise, the embryos and fetuses were all positive in the nephrogenic zone (Figure 3C).
Incontrolswithagestationalageoflessthan36weeks,therewasactivenephrogenesis
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ImmunohistochemistryofMCDKWithandWithoutObstruction 
FIGURE 1 (A) Obstructive MCDK. Notice the hypoplastic kidneys with the adrenal glands still at
the upper poles (arrow). The aorta is centrally located and there are bilateral hydroureters. (B)
Nonobstructive MCDK. The ureters are unremarkable and portions of the two umbilical arteries
runparalleltotheurinarybladder.Thekidneysarebi-valvedtodemonstratenumeroussmallcysts
scattered through the cortex and medulla. 101 × 67mm.
FIGURE2 TGF-β staining. (A)Negative in obstructive MCDK. (B)Positive staining in interstitium
and tubular epithelium of nonobstructive (syndromic) MCDK. (C) Negative staining in tubules in-
cluding nephrogenic zone of fetus. (D) Focal staining in glomeruli of controls. 76 × 57 mm.
Copyright C  InformaHealthcareUSA,Inc. C.P.Rojasetal.
FIGURE 3 PAX2. (A) Positive staining in dysplastic tubular epithelium and proximal
tubules in obstructive MCDK. (B) Nonobstructive MCDK, positive staining in dysplastic
tubular epithelium and proximal tubules. (C) Strong staining in fetal kidney. (D) Over-
expression of PAX2 in nephrogenic zone of immature kidney (less than 36 weeks). 76 ×
57 mm.
andthenephrogeniczoneandmedullarytubuleswerepositiveforPAX2;however,the
more mature tubules were either weakly positive or negative (Figure 3D).
BCL-2 demonstrated a membranous pattern in dysplastic tubular epithelium in 8
out of 10 cases with obstructive MCDK (Figure 4A). All seven nonobstructive MCDK
were positive for BCL-2 in dysplastic tubular epithelium, while the mesenchyme was
negative in all dysplastic kidneys (Figure 4B). All preterm controls with evidence of
nephrogenesis depicted a membranous pattern of staining. BCL-2 was positive in the
nephrogenic zone of fetal and embryonal kidneys (Figure 4C); it was negative in the
interstitium of normal kidneys but stained positive in some tubules (Figure 4D – see
arrows).
β-catenin showed a membranous staining of dysplastic tubular epithelium in 10
outof10caseswithobstructive(Figure5A)andinallsevenpatientswithnonobstruc-
tive MCDKs (Figure 5B). The staining was even stronger in the nephrogenic zone of
fetal and embryonal kidneys (Figure 5C) and controls (Figure 5D).
IGF-2 exhibited a strong membranous and cytoplasmic pattern in the dysplastic
tubular epithelium of 9 out of 10 patients with obstructive MCDK (Figure 6A) and a
weaker,albeitpositive,staininginallsevencaseswithnonobstructiveMCDKs(Figure
6B).Itwaspositiveinthenephrogeniczoneofallfetalandembryonalkidneys(Figure
6C). Regarding normal controls, IGF-2 was positive (membranous and cytoplasmic)
in the cortical tubular epithelium in 15 out of 17 patients (Figure 6D).
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FIGURE 4 BCL2 expression. (A) Positive cytoplasmic staining in dysplastic tubular epithelium
of obstructive MCDK. (B) Similar positivity in non-obstructive MCDK. (C) Positive in nephro-
genic zone of fetal kidney. (D) Minimal expression in the tubules of normal control (arrows). 76 ×
57 mm.
DISCUSSION
TGF-β is a secreted growth factor that is part of a family of proteins known as
a transforming growth factor beta superfamily, which includes inhibins, activin,
anti-mullerian hormone, bone morphogenetic protein, decapentaplegic, and Vg-1.
TGF-β is involved in numerous cellular functions including proliferation and differ-
entiation.Itisalsoimplicatedinepithelial-to-mesenchymal transformationthatisan
important component of organogenesis. In-vitro studies showed TGF-β to cause
mammalian epithelia and endothelia to develop mesenchymal characteristics.
TGF-β is expressed during normal rodent nephrogenesis and is upregulated in the
sheep model of fetal kidney obstruction [6]. These authors found immunoreactive
TGF-β in the urine after experimental obstruction of ovine fetal lower urinary tract.
In our study, there was no immunoreactivity for TGF-β in MCDKs associated with
obstruction,whileontheotherhand,wefoundallcasesofsyndromicMCDKwithout
evidence of obstruction to be immunoreactive for TGF-β ( s e eT a b l e s1a n d2f o r
clinical information).
It has been proven that stumpy mutant mice have a defect in ciliogenesis resulting
inhydrocephalusandcysticrenaldiseaseresemblingthehumanMeckelGrubersyn-
drome [7]. These authors deleted a genomic region of the brain by crossing floxed (fl)
mice to nestin-cre deleter transgenic animals and defined the deleted alleles in ho-
mozygous and heterozygous fl mice. They found that TGFb1 mRNA expression was
increased to 1.8 to 3.0 fold in fl/fl vs. +/fl mice. We hypothesize that our results of
positive TGF staining in patients with Meckel Gruber and polysplenia could be ex-
plained by a primary defect in renal cilia as the cause of multicystic renal dysplasia,
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FIGURE5 Beta-cateninpanel.(A)Membranousstainingindysplastictubularepitheliumofacase
withobstructiveMCDK.(B)SamepatterninapatientwithnonobstructiveMCDK.(C)Overexpres-
sioninnephrogeniczoneoffetalkidney.(D)Positivereactioninnormaltubularepitheliumofcon-
trol. 76 × 57 mm.
while the patients with a primary genito-urinary obstruction develop the cysts by a
different mechanism such as increased hydrostatic pressure in the tubules.
Pairedbox(PAX)genesareafamilyoftissue-specifictranscriptionfactorscontain-
ingapaireddomain.PairedboxgeneswereinitiallydescribedintheDrosophila.They
are expressed during embryogenesis and are important in early development for the
specification of tissues. There are a total of nine PAX genes in humans. Two of these
PAXgenesareinvolvedinnephrogenesis—PAX2andPAX8.However,onlyPAX2isim-
plicatedinrenaldisease.TransgenicoverexpressionofPAX2leadstoepithelialhyper-
proliferationandcystformation.Ontheotherextreme,absenceofasinglePAX2allele
will cause renal hypoplasia. Reduced PAX2 protein expression inhibits mesenchymal
to epithelial transition which is important in nephrogenesis. PAX2 has been localized
inthevariouspartsofthedevelopingkidneyincludingthemesenchymalcondensate,
S-shaped bodies, and tips of ureteric buds. In the dysplastic kidney, PAX2 has been
found in the dysplastic tubular epithelia. It is, however, absent in the collaretes [3]. In
ourstudy,wefoundthatP AX2,consistentwithbeingatranscriptionalfactor ,ispresent
within the nuclei of dysplastic tubular epithelium in MCDK cases and the nuclei of
nondysplastic tubular epithelium of preterm controls. It is also present in the imma-
ture glomeruli within the nephrogenic zones of controls and fetal-embryonic cases.
However as the gestational age of MCDK cases and controls increased, the intensity
ofimmunostainingdiminished.ImmunostainingforPAX2wasnegativeinthemature
glomeruli.
BCL-2 is a proto-oncogene originally associated with the t(12:18) chromosomal
translocation, which is the cytogenetic hallmark of follicular lymphoma [4]. As a
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FIGURE 6 IGF2 expression in (A) obstructive MCDK depicts strongly positive membranous and
cytoplasmic staining. (B) Weaker membranous expression in non-obstructive MCDK. (C) Positive
staining in nephrogenic zone of preterm kidney. (D) Positive normal control. 76 × 57 mm.
member of a family of proteins believed to regulate programmed cell death, subse-
quent studies have shown the ability of BCL2 to inhibit apoptosis. It is expressed in
a variety of fetal tissue including the developing kidney. Studies with BCL-2 showed
intense staining of the glomerulogenic zone subjacent to the renal capsule and the
absence of staining in a normal kidney with the exception of positivity in the pari-
etalepitheliumoftheBowman’scapsule[8].Ourfindingssupportthisasweobserved
strong expression of BCL-2 in the fetal-embryonal kidney with subcapsular staining
that formed a cap around the S-shaped bodies. As the gestational age increased, the
intensity of staining diminished due to the downregulation of the gene expression as
shown by weaker expression in the glomerular epithelium and tubules.
Previous murine studies have documented the importance of BCL-2 in normal
nephrogenic development [9]. Genetically engineered mice with blocked expression
of BCL-2 led to excessive apoptosis of the metanephric blastema causing polycys-
tic kidneys and severe renal failure. We expected therefore that BCL-2 should be
markedly decreased or even absent in the dysplastic parenchyma and tubules of
multicystic renal dysplasia. In our study, however, BCL-2 was present and stained
the cytoplasm of the dysplastic tubules of 8 out of 10 cases of obstructive and all
nonobstructive multicystic dysplastic kidneys. We are attributing this discrepancy to
the development of newer and more sensitive antibodies currently in use that can
nowdetecttheproteininquestion.Alternatively,ourfindingssuggestthatBCL-2may
contributetothedevelopmentofcyststhroughmechanismsotherthantheapoptosis
pathway.
β-cateninisabi-functionalglycoproteininvolvedincell-celladhesionandingene
transcriptionthatformsanintegralpartoftheWntsignalingpathwaywhichhasbeen
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found to regulate nephron induction during mouse kidney development. Hu and
Rosenblum [10] observed the increased β-catenin expression in the medulla of dys-
plastic kidney tissue from genetically altered mice that expressed an active form of
activin-like kinase (Alk)3, a bone morphogenetic protein (bmp) cell surface receptor.
This bmp receptor is expressed in both the metanephric blastema and ureteric bud
duringearlyrenaldevelopment.TheactiveformofAlk3,Alk3QD,whenoverexpressed,
ledtotheformationofmedullarycysticdysplasiacharacterizedbyakidneywithade-
creased number of medullary tubules, loss of epithelial differentiation markers, and
cystic malformation of epithelial tubules. On the other hand, Bridgewater et al. [11]
used other genetically altered mice with β-catenin deficiency targeted at the ureteric
bud lineage which developed bilateral renal aplasia or renal dysplasia.
Insulingrowthfactorhasbeenproventobeoverexpressedinmulticysticrenaldys-
plasia [5]. However, a search in the English medical literature did not show any arti-
cle addressing the pattern of expression in the two major types of MCDKs. We found
greater overexpression of IGF2 in obstructive MCDK compared to syndromic nonob-
structive MCDK. The staining was also found in the fetal nephrogenic zone. Interest-
ingly, our controls stained the cortical tubular epithelium with a membranous and
cytoplasmic pattern.
We postulate that the etiology of cyst formation in nonobstructive syndromic
MCDKmayberelatedtoanabnormalityofthecilia.PatientswithMeckelGrubersyn-
dromehave,amongotherfeatures,aco-existenceofMCDKwithcongenitalhepaticfi-
brosisandsometimespancreaticcysts.AgroupfromGermanypublishedthestudyof
ah o m o z y g o u sN php3-deficient animal model to determine the role of nephrocystin-
3 during early development and left-right body asymmetry, heterotaxia, congenital
heart disease, and embryonic lethality [12]. These mice had longer cilia than normal
controlsbyimmunofluorescence.Theauthorsdemonstratedinpatientsandmicethat
NPHP3/Nphp3 mutations produce several clinical manifestations such as situs inver-
sus, polydactyly, central nervous system anomalies, congenital heart disease, preau-
ricular fistulas, and several renal malformations including MCDK. Further genetic
studies of larger series of syndromic vs. nonsyndromic patients with renal dysplasia
are needed to confirm the role of TGF-β in syndromic nonobstructive MCDK.
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